Two new spirostane glycosides, chamaedrosides C (1) and C 1 (2), two new furostane glycosides, chamaedrosides E (4) and E 1 (5), and two new furospirostane glycosides, chamaedrosides C 2 (3) and E 2 (6), have been isolated from Veronica chamaedrys L. plants. Their structures were determined on the basis of chemical evidence and extensive spectroscopic methods, including 1D-and 2D-NMR experiments, as well as MS analysis. The given compounds have been found for the first time.
The genus Veronica (Scrophulariaceae), which is widely distributed in Europe and Asia, especially in the Mediterranean area, is represented by 32 species in the Republic of Moldova [1a,b] . Several Veronica species are used for the treatment of cancer, influenza, hemoptysis, laryngopharyngitis, hernia, and against cough, and respiratory diseases, plus as an expectorant and antiscorbutic in different countries [2a-c] . As reported earlier, Veronica species contain mainly iridoid glycosides [3a-c] , phenylethanoid glycosides [3d-g] and flavonoid compounds [3h] . Our previous studies have shown the presence of phenylethanoid and iridoid glycosides in V. chamaedrys L. [4a] . The present paper details the structural elucidation of six new steroidal glycosides (1-6), namely 3-O-β-D-glucopyranosyl(1→4)-β-D-glucopyranoside-(25S)-5β-spirostan-3β-ol (1), 3-O-β-D-glucopyranosyl(1→4)-β-Dglucopyranoside-(25S)-spirost-5-ene-3β-ol (2) (6), which were isolated from the water extract of V. chamaedrys plants. To our knowledge, this species has never been studied for its steroidal constituents and this is the first report in which a phytochemical investigation of the steroidal components of this species has been undertaken.
Compound 1 showed a major ion peak at m/z 741 [M+H] (1H, m, H-26b), ascribable to a primary alcoholic functions, and signals for two anomeric protons at  4.99 (d, J = 7.4 Hz, H-1 Glc) and 5.45 (d, J = 7.4 Hz, H-1 Glc'). 13 C NMR signals due to a total of 27 carbons originating from the sapogenol were composed of four methyl groups at  16.7 (C-18), 24.0 (C-19), 16.4 (C-21) and 17.2 (C-27), one oxygen bearing methine carbon at  77.8 (C-3), three quaternary carbons at  35.5 (C-10), 110.6 (C-22) and 40.5 (C-13), six methine carbons at  35.3 (C-8), 36.8 (C-5), 40.2 (C-9), 56.4 (C-14), 81.2 (C-16), 63.8 (C-17), and eleven methylene carbons at  21.2 (C-11), 30.6 (C-2), 37.0 (C-1), 32.4 (C-7), 27.1 (C-6), 34.8 (C-4), 40.1 (C-12), 32.3 (C-15), 36.8 (C-23), 28.3 (C-24),and 65.6 (C-26). On the basis of the HMBC and HSQC correlations, the aglycone moiety of 1 was identified as (25S)-5β-spirostan-3β-ol (sarsasapogenin) [4b] . The 25S configurational assignment of the spirostanol derivative was supported on the basis of the absorption band at ν max 920 cm -1 being of greater intensity than that at 900 cm -1 [4c]. The 25S stereochemistry was also confirmed by the resonance of the H-27 methyl protons at  1.27, instead of about 1.00, and also . The 5β configuration was deduced by HMBC correlation between the methyl signals at  1.08 and carbon resonances at  40.2 (C-9), 36.8 (C-5) and 37.0 (C-1) [4d] . Using a combination of 1D-TOCSY and DQF-COSY spectral analysis, the chain was identified as being composed of two units of Dglucopyranoside. The J values (>7 Hz) of the two anomeric protons indicated the β-orientation at the anomeric center for the hexose. The 13 C NMR spectrum of 1 showed two anomeric carbon signals at  101.9 and 105.8. The HMBC spectrum showed key correlation peaks between the proton signal at  4.99 (H-1 Glc) and the carbon resonance at  77.8 (C-3 of the aglycone), and the proton signal at  5.45 (H-1 Glc') and the carbon resonance at  78.7 (H-4 Glc).
On the basis of the above results, the structure of 1 was deduced as 3-O-β-D-glucopyranosyl(1→4)-β-D-glucopyranoside-(25S)-5βspirostan-3β-ol, and was named chamaedroside C ( Figure 1 ).
Compound 2 was isolated as an amorphous powder. The HRESI-MS of 2 showed an accurate [M+H] + peak at m/z 739, corresponding to the molecular formula of C 39 H 62 O 13 , which was supported by analysis of the 13 C NMR and DEPT spectroscopic data. The 1 H NMR spectrum of 2 showed two three-proton singlet resonances at  0.78 and 0.82, a three-proton doublet resonance at  1.08 (J = 7.0 Hz), a trisubstituted olefinic proton signal at  5.33, and two anomeric proton resonances at  5.02 (d, J = 7.8 Hz) and 5.58 (d, J = 7.4 Hz). Analysis of the 1 H and 13 C NMR spectroscopic data of 2 allowed the structure of the aglycone part to be identified
Comparison of the 1 H and 13 C NMR spectra of 2 with those of 1 indicated that the sugar chain is composed of two β-D-glucopyranosyl units. The 1 H-1 H COSY experiment on 2 allowed the sequential assignments from H-1 to H 2 -6 of the monosaccharides, including identification of their multiplet patterns and coupling constants. The 1 H and 13 C NMR signals assigned were indicative of the presence of a terminal (Glc') and a C-4 substituted β-D-glucopyranosyl unit in 2. The β-orientation of the anomeric centers of the glucosyl moieties were supported by the relatively large J values of their anomeric protons (J = 7.4 Hz and 7.8 Hz). In the HMBC spectrum, long-range correlations were observed between H-1 of Glc' at  5.58 and C-4 of Glc at  78.9, and H-1 of Glc at  5.02 and C-3 of the aglycone at  78.3. Accordingly, the structure of 2 was characterized as 3-O-β-Dglucopyranosyl(1→4)-β-D-glucopyranoside-(25S)-spirost-5-ene-3βol, and it was given the trivial name chamaedroside C 1 (Figure 1 ). , derived from the steroidal skeleton. The 13 C NMR spectrum displayed signals ascribable to a hemiketal function at  110.6, two secondary carbons bearing alcoholic functions at  77.9 and 81.2, and one primary carbon bearing the same functionality at  71.4, suggesting the occurrence of a glycoside furostanol skeleton. The above 1 H NMR spectral data and a comparison of the 13 C NMR signals of the aglycone moiety of 4 with those described in the literature [4d] showed the structure of the aglycone to be (25S)-5β-furostan-3β,22α,26-triol. The α-configuration of the C-22 hydroxyl group of the aglycone moiety was deduced from the hemiketal carbon signal at  110.6, instead of  115.5 for the β-configuration. It was evident from 1 H and 13 C NMR data that the sugar chain at C-3 of 4 consisted of two sugar units. A sugar chain was determined to be attached to C-26 of the aglycone by an observation of a glycosidation shift of the C-26 signal from  66.0 to 71.4, and this linkage was further indicated in the HMBC spectrum of 4 by the cross-peak between the 13 C signal at  71.4 and the anomeric proton signal at  4.82 of a β-glucopyranosyl moiety. Similarly, a crosspeak between the C-3 signal of the aglycone at  77.91 and the anomeric proton signal at  4.98 in the HMBC spectrum of 4 indicated that another sugar chain was located at the C-3 position of the aglycone. A 1→4 linkage of the one sugar moiety to another was revealed by a cross-peak between C-4 signal of the first glucose at  78.58 and the anomeric proton signal of the second glucose at  5.43 in the HMBC spectrum. On the basis of all this evidence, compound 4 was identified as 3-O-β-D-glucopyranosyl (1→4)-β-Dglucopyranoside-(25S)-5β-furostan-3β,22α,26-triol-26-O-β-Dglucopyranoside, and was given the trivial name chamaedroside E (Figure 2) .
Comparison of the 1 H and 13 C NMR spectra of 5 and 4 indicated a similar aglycone moiety, but in the 13 C NMR spectrum of 5, instead of the 5β position, signals at  140.8 and 121.6, ascribable to a double bond in position  5(6) , suggest the structure of the aglycone to be (25S)-furost-5-ene-3β,22α,26-triol. The HMBC and 1 H-1 H COSY spectral analyses of the sugar moiety were similar to those of compound 4. According to these data, compound 5 was assigned the structure 3-O-β-D-glucopyranosyl(1→4)-β-D-glucopyranoside-(25S)-furost-5-ene-3β,22α,26-triol-26-O-β-D-glucopyranoside, and was named chamaedroside E 1 (Figure 2 ).
Compound 6 was also obtained as a white powder. The HRESI-MS of compound 6 exhibited a molecular ion peak at m/z 901 [M+H] + , which is compatible with the molecular formula C 45 H 72 O 19 . The signals observed in the 1 H and 13 C NMR spectra were very similar to those of compound 3. The only difference is the signals arising from an additional sugar unit. The 13 C NMR spectrum showed 27 carbon atoms for the steroidal aglycone moiety. The chemical shifts and coupling constants of the signals assigned to the aglycone indicated the presence of the same steroidal aglycone, nuatigenin, as compound 3. The assignments attributed to the sugar moiety indicated three glucose units. In the HMBC spectrum, the anomeric proton of the glucose (H-1') ( -diol-26-O-β-D-glucopyranoside, and was given the trivial name chamaedroside E 2 (Figure 2 ). Extraction and isolation: Fresh plant material of V. chamaedrys (1600 g) was extracted 3 times at 100°C with water for 4 h. Water extracts were combined and extracted with n-butanol. The n-butanol fraction was evaporated under vacuum at 70°C and a mixture of steroidal glycosides obtained as a yellow powder (10.3 g). Part of this (3 g) was subjected to purification on Sephadex G-50 and G-25 columns using H 2 O as solvent, and then on a silica gel column, eluting with chloroform: methanol: water (4:1:0→13:7:1) to yield several fractions (4 mL each), which were combined into fractions A (242 mg) and B (358 mg). Fraction A and B were separated on a C 18 column using different percentages of MeOH under isocratic conditions. From fraction A (60% MeOH as eluent, flow rate 2.0 mL/min) compounds 1 (8.3 mg, Rt= 8 min), 2 (9.4 mg, Rt= 10 min) and 3 (7.8 mg, Rt= 26 min) were isolated; and from fraction B (65% MeOH as eluent) compounds 4 (6.5 mg, Rt= 6 min), 5 (12.7 mg, Rt=12 min) and 6 (9.6 mg, Rt= 26 min).
Experimental

Acid hydrolysis:
A solution (1 mg each) of compounds 1-6 in 2.5% H 2 SO 4 was heated at 95°C for 4 h. After cooling, the reaction mixture was neutralized by water, then the aglycone of each compound was extracted with diethyl ether; the diethyl ether extracts were concentrated to dryness. The aglycons obtained were analyzed by TLC in the presence of authentic samples. The water hydrolysates of each glycoside, after extraction of the aglycons, were neutralized by passage through an Amberlite IR-120 B column, then concentrated in vacuum, dissolved in methanol and subjected to TLC in the presence of authentic samples, using anilinephthalate and heating (90°C) until the appearance of spots characteristic of sugar moieties. 
Supplementary data:
The 1 H and 13 C NMR spectra for compounds 1, 2, 3, 4, 5 and 6 are contained in the supplementary data, as well as IR and MS data.
